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This project investigates the use of a power electronics based energy management system to reduce 
electrical energy consumption on Navy facilities.  This goal is accomplished by peak power shaving, power 
factor compensation and interface with batteries.  Harvesting renewable energy, especially solar power, was 
also investigated.  Modeling, simulations and analysis were used in this investigation.  The results of this 





The Navy is looking for means and technologies to reduce electrical energy consumption on its installations 
and increase energy security [1].  A power electronic based energy management system (EMS) provides a 
reliable and effective interface between an existing electrical power system and renewable energy sources 
as well as energy storage systems [2] [3]. Ongoing research at the Naval Postgraduate School (NPS) has led 
to the design of a single phase EMS which can greatly improve an electrical power system by: 
• Power metering 
• Peak power control 
• Active and reactive power flow 
• Load, sources and storage management  
• Power quality, reliability and fault management 
 
RESEARCH/ STUDY AND ANALYSIS OBJECTIVES 
 
The goal of this project is to study a scenario in which a Navy electrical power system can be made more 
efficient by introducing an EMS as shown in Figure 1.  The EMS is connected to photovoltaic (PV)  
modules and batteries so that critical loads can be powered even in the absence of the AC power grid. 
 
	




In this project analysis and physics based models were used to evaluate the power system performance 
before and after the EMS is inserted.  
 
 
BASELINE POWER SYSTEM 
 
A 20 A grid connected power system is analyzed in this study.  The power system can be part of a larger 
facility, such as a building on a military installation, a ship or a mobile military camp.  The loads in Table I 
were chosen to simulate a typical power system, with two of the personal computers (PCs) being critical 
loads and the other three non critical.  Also two of the electronic chargers are critical, while the other five 
are not.  Similarly, 2/5 of the lightbulbs are considered critical loads.  Other critical loads include 
refrigerator, fan and wireless router. Critical loads are loads that must be powered at all time, even when the 
main AC grid is not functioning (black out case).  In this case power is provided by the PV panels and 
batteries. A diesel generator could be included in the microgrid for future study. 
From Table I the maximum current for the 120V AC power system can be computed and it falls below the 
20 A threshold.  In fact the maximum current is 18 A and it can be computed by dividing by 120V the 





BATTERY PACK DESIGN 
 
In order to provide 24 hours of back-up power for the critical loads, the total 5765.6Wh/day energy was 
used.  Presuming that the interface converter has 90% efficiency, then 6406.22Wh/day are needed.  To 
convert to Ah/day a 12V DC bus is used so that 534Ah/day results from dividing Wh/day by the voltage 
(12V).  Presuming that the maximum depth of discharge is 80%, the batteries nominal power must be 667 
Ah for one day.  Possible commercial lead acid deep discharge batteries are listed in Table II.  Prices were 




refrigerator 14 cu. ft 45.0 1080.0 24.0
5 PC active (145W) 725.0 5800.0 8.0
5 PC standby (2.2W) 11.0 154.0 14.0
5 PC idle (80W) 400.0 800.0 2.0
5 electronics chargers 50.0 600.0 12.0
10 LED lightbulbs (9.5 W ea.) 95.0 760.0 8.0
fan 50.0 1200.0 24.0
wireless router 10.0 240.0 24.0
coffe machine active 1200.0 2400.0 2.0









POWER SYSTEM WITH AN EMS – MODELING AND SIMULATION 
 
The electrical schematic of the power system with the addition of an EMS with battery storage and PV 
panels is shown in Figure 2.  A bidirectional buck/boost converter interfaces the battery pack while a boost 
converter interfaces the PV panels to the EMS. An H-bridge bidirectional converter interfaces the DC bus to 
the AC power system and the main grid. This converter can work as a current source to provide additional 
power to the loads or as a voltage source when the main AC grid is down.    
	
Figure 2. Electrical schematic of the EMS connected to the baseline power system. 
 
The EMS control system includes a primary controller to manage voltage and currents of the individual 
power converters and a secondary controller to manage the microgrid and loads.  The key features of the 
Series Parallel Ind Weight (lb) Total Weight Ind Cost Total cost
Concorde PVX 5040T 2V 495Ah 6 2 57 684 $319.99 $3,839.88
Trojan T‐105, 6V, 225Ah 2 3 62 372 $175.00 $1,050.00
Trojan L‐16, 6V, 360Ah 2 2 121 484 $350.00 $1,400.00
Concorde PVX 1080, 12V 105Ah 1 6 70 420 $300.00 $1,800.00
Surrett 12CS11PS 12V, 357 Ah 1 2 272 544 $1,190.29 $2,380.58



































































primary controller are shown in Figure 2 and they include DC bus voltage control, maximum power point 
tracking (MPPT) for the PV panel interface boost converter, load voltage and current control systems.   
The secondary controller ensures that the critical loads are serviced at all times and has the ability to 
disconnect the non-critical loads when there is not enough power.  It also makes sure that the batteries are 
properly charged either from the PV panels or from the main AC grid.  The latter usually happens at night 
or whenever the cost of electricity is lowest. The EMS based microgrid shown in Figure 2 was simulated 
using the Matlab/Simulink software and the resulting waveforms are pictured in Figure 3.  In particular the 
simulated waveforms of the AC voltage vac, source current is and EMS current iems are plotted. The 
simulation steps are described below: 
1. 0-0.02 s timeframe: The simulation begins with the main AC grid off (is=0).  The EMS provides 
power to the critical loads, so the H-bridge converter is controlled as a voltage source in this 
timeframe. 
2. 0.02-0.1 s timeframe: The main AC grid is restored and the EMS becomes inactive (iems=0). The 
critical loads are powered exclusively by the AC grid. 
3. 0.1-0.2 s timeframe: Additional loads are turned on so the source current drawn from the main AC 
grid is increases.  
4. 0.2-0.3 s timeframe: The EMS turns on to reduce the peak power consumption, thus reducing the 
cost of the electricity charges when the rates are highest. The source current is reduced in amplitude 
and some of the battery power is used to supplement the main grid power. 
5. 0.3-0.6 s timeframe: At 0.3 s an additional inductive load is turned on and the EMS reacts by 
compensating for the reactive power drawn from the grid until unity power factor is achieved. 
6. 0.6-0.9 s timeframe: This section simulates a black out, where the main AC grid fails (is=0) and the 
EMS picks up the critical loads, so that they are serviced without interruption. 
The simulation results shown in this section demonstrate the functionality of the EMS in both grid 
connected and islanding mode.  During grid connected mode the EMS can either be on standby or it can 
inject additional current in order to reduce peak power consumption from the main AC grid if the time of 
the day is such that electricity cost is high.  The EMS performs also reactive power compensation when 
inductive loads draw reactive power, by bringing the power factor to unity. 
In islanding mode of operation the EMS guarantees that the critical loads are always serviced and it 






Figure 3. Simulated AC voltage vac [V], source current is [A], and EMS current iems [A] versus time [s]. 
 
PERFORMANCE ANALYSIS 
When an EMS is installed into the power system selected for this analysis, the battery pack can be used for 
peak power shaving when it is not needed for back up power.  In fact some of the energy stored in the 
batteries can be used to reduce the power consumption when the electricity rate is highest and then restored 
at night when the electricity rate is lowest.  This process will reduce the cost of electricity but it may reduce 
the lifetime of the batteries. In order to minimize the impact on the batteries lifetime the batteries are 
discharged not more than 20-30% during a day.  Accounting for inverter and battery losses (5% combined), 
the saving with peak shaving is computed as $0.82 over a total electricity cost of $5.40 for the profile 
analyzed in Figure 4.  This is a 15% cost saving on the electricity bill for this 20 A power system.  The time 
of use (TOU) rate is $0.17/kWh during off peak and three times as much during peak time, which is 
between noon and 6pm. The “Load” profile in Watts represents the power drawn from the main AC grid 
and it includes the loads listed in Table I being turned on and off as detailed in Figure 5.  The “Load + 
EMS” profile represents the power drawn from the main AC when an EMS is implementing peak power 
shaving using the energy stored in the batteries. The plots on Figure 4 clearly show that less power is drawn 
from the main AC grid during the time of the day in which the TOU rates are high.  The final plot in Figure 
4 shows the EMS power, which is positive when the EMS charges the batteries and is negative when the 
EMS draws power from the batteries to reduce peak power consumption from the main AC grid. 
For the analysis shown in Figure 4 the following equations were used. 
outscaled out




















Where  is the scaling factor to ensure that the energy into the battery equals the energy out of the battery, 




Figure 4.  Load profiles with and without EMS and TOU electricity rates over a 24 hour period. 
	






CONCLUSIONS AND FUTURE WORK 
This project demonstrated in simulations the functionality of an EMS.  A  physics based model of the power 
system with an EMS was developed and implemented using the Matlab/Simulink software. The simulated 
results show that in addition to operate the power system as a microgrid, the EMS can help reduce the 
electricity charges by implementing peak power savings.  A cost analysis demonstrates the latter feature of 
the EMS.   
Future work will analyze the impact of the PV panels on the overall cost of electricity.  It can also include 
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